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ABSTRACT
 
Epigeal invertebrate fauna in a canyon live oak (Onerous chrvsolepis
 
Liebm.) forest were analyzed to determine if invertebrate surveys could be
 
used to monitor stand recovery following thinning and understory
 
burning. These silvicultural treatments may improve stand quality and
 
wildlife habitat while providing hazard reduction as a covered fuel break.
 
This study consisted of nine randomized treatment plots placed on the
 
noith facing slope of Skinner Ridge located in the San Bernardino
 
mountains in southern California. Fifteen sampling sites were randomly
 
selected in each plot for pitfall trap placement. Invertebrate specimens
 
collected were identified, counted and grouped for analysis.
 
In the course of this study, a potentially new species was identified
 
and range extensions were made for 4 others.
 
In spite of severe drought conditions, invertebrate populations
 
showed definite patterns and trends in numbers, which varied
 
significantly between collection dates, sites, and treatments. Generally,
 
species numbers decreased in all plots following the pre-treatmerit
 
collections, then showed some recovery l-year post-treatment. A single
 
invertebrate species frequency of occurrence and abundance showed
 
differences in post-bum recovery that correlated with treatment.
 
Correlations found between treatment and species abundance were not
 
always consistent with the changes observed in distribution of individuals
 
within and among plots. In some cases, population numbers increased
 
overall while their occurrence at different sites (i.e. site frequency)
 
decreased. This reflects a decrease in distribution during an increase in
 
abundance. Recovery of populations at this trophic level after 1 year
 
indicates that fire in particular; may cause only short term destabilization
 
of the oak community.
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INTRODUCTION
 
Few accounts can be found in the literature that pertain to the
 
invertebrate communities inhabiting the litter and soil layers of the forest
 
floor (Didal 1990, Force 1981, Seastedt 1983, Specht 1988, Vlug and Borden
 
1973). Most of the research done thus far on invertebrates in oak forests
 
and woodlands has concentrated on foliage or bark dwelling insects (Brown
 
1965, 1979). Even less information exists regarding the interactions
 
between plants and invertebrates when affected by fire (Martin and
 
Mitchell 1980, Specht 1988).
 
Invertebrates are an integral part of a forests' food web. Grazing by
 
phytophagous insects has tremendous impact on vegetation, A plant
 
community hierarchy can be changed through the influences of
 
preferential graizing (McBrien er a/ 1983). In addition, sublethal defoliation,
 
especially on resprouting vegetation, can affect the dynamics of plant
 
succession and vegetation composition (McBrien er al 1983, Connell and
 
Slatyer 1977).
 
Various species of invertebrates often have complex niches
 
(Washburn 1984). The invertebrate community in a forest can consist of a
 
complex mosaic of populations that encompass all vertical layers of the
 
plant community, from the upper tree canopy to the subterranean soil.
 
Examples of the invertebrate web are observed in defoliators and bark
 
beetles. Upper crown defoliator species, may descend to the forest floor for
 
pupation and metamorphosis (Brown 1965); depending on epigeal predator
 
species activity, defoliator mortality could significantly increase. In
 
addition, defoliators and bark beetles ultimately affect the invertebrate
 
composition of the forest floor through their generation of detritus. The
 
degree of impact that defoliators and bark beetles have is related to the
 
extent of their activities.
 
Silvicultural manipulations have been used to directly influence the
 
composition of invertebrate communities. Prescribed burning is sometimes
 
used as a tool for the control of some types of forest insect pests (Komarek
 
1970, Miller 1978, 1979). Unfortunately, the ramifications of these control
 
measures are seldom considered beyond the scope of the target pest.
 
The object of silvicultural practices is to improve staind quality and
 
vigor (McDonald 1979). It seems reasonable to assume that a monitoring
 
system should be developed in order to assure that this quality and vigor is
 
being realized. By analyzing the trophic levels and population composition
 
of the invertebrates of a communityi ah indicator species of assemblage of
 
species may be discovered. This "indicator" could act as a barometer of the
 
forest health. Therefore, a monitoring system using invertebfate
 
populations could lead to a more knowledgeable approach to artificial
 
manipulations of a forest.
 
Because increasing urbanization is placing greater demands on our
 
southern California natural resources, less popular habitats are being
 
explored for potential integration into multiple use programs. Canyon live
 
Oak tOuercus chrysolepis Liemb.), California's most common hardwood
 
species, forms patches of forest and woodland habitat that fall into this
 
category. But, recent interest in preserving our native oaks and concern
 
about the lack of management and silvicultural information pertaining to
 
oak forest and woodland communities in southern California, led public
 
agencies to more closely evaluate this forest type. A 5 year cooperative
 
research program was developed between the U.S. Forest Service, Pacific
 
Southwest Forest Research Station, and the San Gorgonio Ranger District,
 
San Bernardino National Forest, to determine if thinning and prescribed
 
understory burning could be used effectively in this forest type. The main
 
objectives were to realize management goals which included; 1) stand
 
improvement, 2) improved wildlife habitat, and 3) fire hazard reduction by
 
generating a covered fuel break.
 
To accomplish these goals, several closely related and coordinated
 
research projects were proposed for the canyon live oak forest on Skinner
 
Ridge (Plate 1) One part of this multifaeeted project called for a population
 
dynamics survey of ground dwelling invertebrates, which is the focus of
 
the present study.
 
Invertebrates are an integral part of the oak forest ecosystem. They
 
may play a major role in the decomposition of plant materials and influence
 
the accumulation of dead fuel or the establishment and success of various
 
plant species. Conceptually, invertebrates could be visualized as the
 
fulcrum of the ecosystem. They interface with both plant and animal
 
communities. They utilize plant resources and in turn are a resource for
 
other animals. Therefore, invertebrate population shifts resulting from
 
natural or artificial habitat disruption, could potentially modify the plant
 
and animal composition of a given area. Key invertebrate species presence
 
or absence may be useful as an indicator of stand health and recovery after
 
disturbance.
 
Plate 1. Skinner Ridge, San Bernardino National Forest, CA.
 
To determine the impact of forest manipulations on the invertebrate
 
community, this study attempts to document the epigeal invertebrate
 
composition in a canyon live oak forest prior to and following the disruption
 
or removal of their niches by thinning and understory burning.
 
STUDY DESIGN AND METHODS
 
Study Area
 
The study site is located on Skinner Ridge, elevation 1500 m, in the
 
central portion of the San Bernardino Mountains in southern California.
 
Treated portions of the ridge have become an extension of an existing '
 
fuelbreak (Morton Fuelbreak-17 S.G.). Study plots are located on a north
 
facing slope in a mature canyon live oak forest. Minor aspect changes occur:
 
along this slope and topography varies from a convex 35 degrees to
 
moderately sloped and concave (Figure 1). Based upon the San Bernardino
 
National Forest Soil Resource Inventory, Order Three, the soil type is
 
classified as Winthrop Family (taxonomic class; sandy-skeletal, mixed thesic
 
entic Haploxerolls). Leaf litter was generally heavy throughout. The site
 
previously burned about 100 years ago.
 
The overstory is dominated by a closed canopy canyon live oak
 
YOuercus chrysolepis Liemb.l forest approximately 10 m in height. Other
 
sub-dominant species occurring on the site include: 1) interior live oaks
 
(Ouercus wislizenii A, DC.) near ridgetops and drainages, 2) an occasional
 
bigcone Douglas-fir TPseudotsuga macrocarpa Vasey) and white fir (Abies
 
concolor [Gord. and Glend.] Lindl.), and 3) California bay (Umbellularia
 
californica [Hook and Arn.] Nutt.). The generally sparse understory
 
vegetation; included swordfern (Polvstichum munitum [Kaulf.] Presl,,
 
brackenfern (Pteridium aquilinum fL.I Kuhn), poison oak (Toxicodendron
 
diversilobum [T. and G.] Greene) and scattered juvenile oak, fir and bay
 
canopy species. Tree distribution was not uniform throughout the ridge.
 
Distance between trees was affected by geomorphology and tree size. Size
 
decreased as proximity to the ridgecrest increased.
 
Block and Plot Setup
 
The study was confined to 8 hectares of the Skinner Ridge canyon live;
 
oak stand. This area was divided into 3 blocks, each containing 3 plots.
 
Within each block, each plot was randomly assigned 1 of 3 treatments:
 
control, thin, and thin/burn (Figure 2). Each plot had perimeters of 30 m by
 
40 m which extended lengthwise from the lower portion of the slope to just
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Figure t. Locotion of study site showing topogrophy of Skinner Ridge
 
and surroindir^ oreo on the Son Bernardino Notionol Forest
 
beneath the ridgeline. The forest was thinned from a stand basal area of 54
 
m^/ha to 22.5 m^/ha. Thinning was completed by June, 1985 and the
 
prescribed bum was accomplished during November, 1985 (Plates 2, 3 and 4).
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Figure 2. Study area showing treatment plot location within blocks (1,2,3) in a
 
canyon live oak forest on Skinner Ridge, San Bernardino National Forest, CA.
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Plate 2. Brown trees are bum plots 2b (If.) and 3b (rt.)
 
on Skinner Ridge, San Bernardino National Forest, CA.
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Plate 3. Control plot, Skinner Ridge, San Bernardino National Forest, CA.
 
t fe. * t*s? «
 
m
 
-vf.
 
■«: m 
•95 
■% m 
■sisrt 
% 
Plate 4. Thin treatment plot on Skinner Ridge, San Bernardino 
National Forest, CA. 
A.
 
1
 
JT'*
 
tr
 
4^
 
V'
 
Plate 5 A and B. Burn treatment on Skinner Ridge, San Bernardino
 
National Forest, CA. -A. During and -B. Following prescribed bum.
 
Within each of the plots, 15 sample trees with stems greater than 10 cm
 
dbh (diameter at breast height, 4.5 feet) were chosen to assess tree health and
 
vigor (Figure 3). Efforts were made to ensure that sample trees were
 
distributed throughout each plot. Due to difficulties in treatment application,
 
3 tree locations were shifted between plots 3b and 3t. This affected their
 
sample size. The bum plot, 3b, sample size was increased to 16 and the thin
 
plot, 3t, sample size was reduced to 14.
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Figure 3. Pitfall trap sites within the 9 randomized treatment plots in 
3 experimental blocks in a canyon live oak forest on Skinner Ridge, San 
Bernardino National Forest, CA. 
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Pitfall Traps
 
Placement of invertebrate pitfall traps in the treatment plots is
 
presented in Figure 3. Trap sites were randomly chosen in 1 of 60 directions
 
about the sample trees. They were placed 3 m from the base of each tree
 
(Figure 4). If the trap site location landed outside the perimeter of an
 
adjoining plot, then a 90 degree clockwise shift was made until the site was
 
within the boundaries of the appropriate plot by a distance of at least 1 m.
 
{.SSampl^
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Pitfall
 
trap
 
stake 
C> 
Plywood board 
Rock 
12 oz.cup 
soil 
solution 
mason jar 
Figure 4. Pitfall traps were placed at random about sample canyon live oak
 
trees on Skinner Ridge, San Bernardino National Forest, CA.
 
Note: drawings are not to scale.
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Collection of Invertebrates
 
Pitfall traps were used to collect and preserve invertebrate specimens
 
for analysis of species diversity and density in the oak forest invertebrate
 
population. Pitfall trapping constitutes a destructive technique that samples
 
epigeal invertebrateSv The traps consisted of a 1 pint widemouth mason jar
 
buried flush to the soil surface. Each jar cohtained a removable 12 ounce
 
plastic cup in which approximately 4 ounces of solution (water, ethanol and
 
ethylene glycol in a ratio of 1:1:1) were placed. This solution prbvided a
 
medium that would not evaporate over time and would preserve specimens
 
for later identification. A plywood board, 60 by 60 cm, was placed over each
 
jar to reduce debris buildup. The board was secured by a 90 cm stake placed
 
through a 1 cm hole that was drilled 5 cm from one corner of the board. On
 
site rocks or sticks were used to elevate each board approximately 1 cm above
 
the mason jar mouth (Figure 4).
 
Forest thinning was completed June 1985 and the burn was completed
 
November 1985. Post-treatment data collection was initiated following the
 
completion of the final (burn) treatment. Pitfall traps collected
 
invertebrates for 30 consecutive days for a total of 14 months. Four winter
 
month collections were analyzed: 2 pre-treatment replicates (11/29/83 to
 
12/28/83 and 12/28/83 to 1/26/84), and 2 post-treatnient--1-month (11/12/85
 
to 1/23/86) and-^l-year (11/12/86 to 12-11-86) following the prescribed
 
burn. For future reference these dates will be respectively designated
 
pfetreatment -1983, -1984, post-treatment l-month--1985, and post-treatment
 
l-year or -1986.
 
Invertebrate specimens were pinned or preserved in alcohol. A Leitz
 
dissecting microscope with a 20X lens was used to facilitate identification.
 
Reference manuals used for specimen identification are listed in appendix A.
 
Specimens were reviewed for genus and species determinations by
 
taxonomists throughout the country. Specialists and their institutions are
 
listed with their area of expertise in appendix B. Experts were consulted for
 
assistance with species identification when available. Specimens were
 
either kept on file by one of these taxonomists or were submitted as voucher
 
specimens to the entomology museum at the University of California,
 
Riverside, California.
 
1 2
 
Precise identification for some specirnens was not possible for the
 
following reasons. Sorne specimens were in poor condition. Often single
 
specimens were collected where nest series were needed for social insects. In
 
other cases, unique characteristics are revealed in a specific sex, life stage,
 
or caste, which was not collected. Some parasitic specimens required
 
specific host data. Some taxa were iri the process of speciation, while other
 
groups need revision. No specialist was available. Initial identifier
 
specimen was misplaced during specialist review; or specimen was lost.
 
Due to difficulties in the precise identification of some specimens,
 
they had to be lumped under their family designation and were treated as
 
one unit. Because these few lumped species occupied relatively similar
 
niches and were trapped and handled in the same way, it will be assumed
 
that results are comparable and were therefore not adversely biased.
 
Calculations
 
Abundance and diversity can be computed in various ways. For this
 
paper abundance was defined as the "total number of individuals of a taxon
 
or taxa in an area, volume, population or community" (Lincoln er al, 1985).
 
Diversity was defined as the combination of species richness (a simple count
 
of the number of species present), which can be confounded by the effect of
 
relative abundance (species evenness) (Magurran, 1988). Diversity is a
 
"measure of the number of species and their relative aljundance in a
 
community; low diversity refers to few species or unequal abundances, high
 
diversity refers to few species or equal abundances. "(Lincoln er <2/, 1985).
 
F-tests were the multivariate tests used to analyze significant differences
 
between treatments for several invertebrate species.
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RESULTS
 
Weather
 
On the study site, precipitation decreased between pre- and post-

treatment collections (Figure 5).
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Figure 5. Monthly precipitation from 1982 to 1986 near Skinner
 
Ridge, San Bernardino National Forest, CA. (derived from NOA tables)
 
Diurnal temperatures were monitored on Skinner Ridge. Temperature
 
variance, tracking maximums and minimums during months that collections
 
were made, is shown in Figure 6.
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Figure 6. Maximum and minumum temperatures during collection 
dates on Skinner Ridge, San Bernardino National Forest, CA. 
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Deviation from normal weather conditions during the course of the
 
study is shown in Table 1. ;
 
Table 1. Weather conditions recorded during and
 
immediately preceding collections near Skinner
 
Year Month Rain op * Inches
 
'
1983 October .72 ''+
 
November 4.22
 ■ V- ' + 
December 2.05 :■■ ■■. '\+," ■ 
1984 January .04 +:. • 
1985 October .93 ■ ■ + 0 
November 4.58
 
December .97
 
1986 January 1.27
 . 
October 1.19 0 
1 1 CiNOvemper A • A 3 . + / ■ , ■ + 
December 2.62 ■ + ■ 
*Significant departure from normal temperature and rainfall 
patterns. 
+ = Greater than normal by 1 degree F or 1 inch of precipitation. 
++= Temperatures near maximums recorded for that date. 
- = Less than normal by 1 degree F or 1 inch of precipitation . 
o = No significant departure from normal. 
Weather stations used were in Redlahds, Riverside and 
Invertebrates Captured 
Data reflects population changes evaluated in hierarchical order as 
follows: date, block, treatment, plot, site class/order, family, and species. Data 
are presented using these categories. Table 2 identifies specimens collected. 
This list represents occurrence by taxon of the different species and the total 
number of individuals captured. Seven classes, 23 orders, 100 families and 166 
species were identified from the specimens collected. Identification to genus 
or species is supplied when known. The numbers of individuals captured 
varied from 1 to over 25,000 individuals in a family. However, Table 3 shows 
that most families had fewer than 10 specimens collected overall and fewer 
than 5% of the families had large (<900) numbers of individuals captured. 
  
 
 
 
 
 
Table 2. Identification of invertebrate species collected in a canyon live oak forest
 
CLASS ORDER FAMILY GENUS SPECIES AUTHORITY TOTAL 
(Subclass) (Suborder) (Subramily) (Subgenus) 
Arachnida Acari <1967> 
<3473> (Ixodides) Ixoidae sp. 36 
(Oribatida) Eupthiracaridae sp.1 377 
sp,2 723 
(Notostigmata) Opiloacaridae sp. 55 
(Prostigmata) Tetranychidae Tetranychus sp. 151 
Trombiculidae sp­ 503 
Trombidiidae Trombidium sp. 112 
Araneida <1201> Linyphiidae Erigoninae sp. 985 
Agelenidae CiGurina nr. utahana Chamberlin 126­
Dietynidae (Cicurusta) sp. 
Holoena nr.dana Chamberlin -i- I 84 
(Labidognatha) Thomisidae Xysticus montanensis Keys 6 
Phalangida <262> Phalangiidae Globipes . sp.1 5 1 
sp.2 211 
Pseudoscprpionida Chthoniidae Mundochthonius sp. 53­
<53> Neochthonius sp. 
Neobisidae Microcreagris sp. 
Chilopoda Geophilomorpha <8> sp:. 
<39> 
Lithobiomorpha<19 Henicopidae sp. 19 
Seolopendromorpha Cryptopidae Scolopocryptops . gracilis Wood 12 
<12> 
Diplopoda <1> Polyzoniida Polyzoniidae Polyzoriium bivargatum - Wood 1 , 
Insecta Coleoptera <5498> Anthribidae sp. 2 
<39,163> 
Byturidae BytureHus grisescens . A 
Carabidae Pterostichus 
• sp. 3449 
Scaphinptus ■ sp., ■ ■■ 111 
Calathus ruficoMis . 4 
Coccinellidae Hippodamia cbnvergens Guei.-Mene 3 
Colydiidae Megataphrus tenuicornis 1 
Corylophidae sp. 1 
Cryptophagidae Cryptophagus sp. 77 
Curculionidae Geodercodes sp. R 11­
Horistonotus sp. 
Dermeslidae sp. 2 
Elateridae Cardiophorus ed wardsi Horn 9 
Endomychidae sp. 1 
Histeridae Onthophilus sp. , 2 
Lampyridae sp. 3 
Lathridiidae Fuchsina occulta Fall 150 
Metophthalmus r u d i s Fall 1 2 
Lathridius suspectus Fall 30 
Aridius suspectus Fall 8 
Atalyptoischion atrichos Andrews 2 
sp.1 23 
Leiodidae Ptomophagus sp. 246 
Agathidium californicum 4 
Mycetophagidae Typhaea stercorea 1 
Nitidulidae sp. 9 
Phalacridae sp.*' 4 
Pselaphidae sp. 2 
Ptiliidae Acrotrichis sp­ 8 
Scolytidae Pithophthorus sp. 82 
Scydmaenidae Scydmaeraphes sp. 6 
Staphylinidae Aleocharinae sp.1-5 157 
Nudobius sp. ^ 19 
Sepodophilus castaneus 100­
Colopterus truhcatus Randall 
Epauraea sp. 
Quedius explanatuis 2 2 
sp. 291 
Tenebrionidae Eleodes consorbium 55 
Coelocnemis. magtna Le Conte. 10 
Coelocnemis califprnicus Mann. 7 
Nyctoporis carinata Le Cpnte 5 
Noserus plicatus Le Conte 3 
Coleoptera larvae spp. 396 
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Dermaptera <8> Fprficulidae Fprficula 
Diptera <1376> Agromyzidae 
Anisopodidae 
Anthomyiidae 
Calliphoridae Eucalliphora 
Cecidomyidae Micromyini 
Bradysia 
Clinodiplosis 
Ghironomidae 
Drosophilidae 
Empididae Rhamphpmyia 
Heliomyzidae 
Muscidae 
Mycetophilidae Mycetophila 
Leia 
Cordyla 
Phoridae
 
Sciaridae
 
Sphaeroceridae Limosininae
 
Tipulidae Tipula
 
Trichoceridae Trichocera
 
Diptera larvae
 
Hemiptera <61>	 Anthocoridae Orius
 
Berytidae Neides
 
(Neididae)
 
Cicadellidae
 
Lygaeidae Megalamtirae
 
Nysius
 
Rhyparuchrominae
 
Pentatomidae
 
Reduviidae
 
Homoptera <15> Aphididae Macrosiphine
 
Myzine
 
Pseudococcidae
 
Hymenoptera <549> Bracqnidae
 
Cynipidae
 
Diapriidae
 
Formicidae
 
(Formicinae)	 Formica
 
Stenamma
 
Camponotus
 
(Myrmieinae)	 Myrmica
 
Leptothorax
 
Leptothorax
 
.	PogonPmyrmex
 
Tapinoma
 
Liometapum
 
Ichrieumonidae
 
Platygasteridae
 
Prototrupoidae
 
Pteromalidae Chalcidoidea
 
Isoptera <2> Rhinotermitidae Reticulitermes
 
Lepidoptera <2> (Frenatae)
 
Nbctuidae
 
Lepidoptera larvae
 
Neiiroptera <16>	 Chrysopidae
 
Raphidiidae Raphidia (Agulla)
 
Myrmeleontidae v
 
auricularia	 8
 
sp.	 76
 
sp. 6
 
.sp. ^ 4
 
lilaea (Walker) 2
 
sp.	 5
 
spp.
 6
 
1
 
sp. 9
 
sp. 2
 
sp.*' 3 3
 
sp.1 36
 
sp.2 1
 
sp. 4
 
sp.
 
sp­
338
 
sp. 129
 
sp. 53
 
sp.1 120
 
sp.2 76
 
sp.2 35
 
sp.1 40
 
sp.2 35
 
sp.3 1
 
sp.1 206
 
sp.2 35
 
sp.3 11
 
sp. 4
 
sp. 143­
sp. R
 
spp. 154
 
sp; 17
 
muticus 1
 
1
 
sp. 5 ­
raphanus
 
sp. 10
 
sp. 2
 
sp. 25
 
sp. 1 1­
sp.
 
myzosporisicae
 
sp. 4
 
sp. 2
 
sp. 4
 
sp. 5
 
sp. 35­
sp.*' 
quercicola Smith 99­
vicinus Mayr 
sp.3 
sp.4 
sp. 38 
andrei Emery 331­
nitens Ernery ■ - -
sp. 
sessile Say 
occidenlale Emery 
sp. 6 
sp. 8 
sp. 20 
sp. 1 
tibialis Banki 2 
sp^" 1 
sp-'" 1 
spp. 94 
5 
'Sp.-: 6 
.;. ■ 5 ■­
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Orthpptera <402> Acrididae sp. 1 
Blattidae Parcoblatta americana Scudder 4 ' 
Cryptocercidae Cryptocercus punctulatus Scudder 1 
Gryllacrididae Ceutophilus spp. 317 
Gammarotetix sp. 2 
(Stenopelmatinae) StenopelmatUs sp. 1 2 
Rhaphidophoridae Pristoceutophilus pacificus Thomas 64­
sp. 
Gryilidae Oecanthus fultoni Walker 1 
Psocoptera <69> 69­
(Trogiomorpha) Trogiidae Lepinolus reticulatus Enderlein 
Psoquillidae** rhyopsocus sp. - - ■ . 
(Troctomorpha) Liposcelidae Liposecelis triocellatus Mockford 
Ectopsocidae Ectopsocus vachoni Badonnel 
Siphonoptera <2G> Pulicidae malareaus sp. 20 
Thysanoptera <31> Phaleothripidae Adraneothrips sp.*' 3 1 
(Apterygota) Collembola<31,179> Entompbryidae Tomocerus flavescens Tuliberg 2449 
Entomobrya zone Christiansen & 945­
Bellinger 
gutheriei - - . 
washingtohia Mills 
Isotomidae Isotomerus palustr^ Muller 382 
Poduridae Hypogaturura prato.rum Pacard 26379 
Poduroidea Morulina multituberculata Coleman 290 
Sminthuridae Ptehothrix maculosa Schott 316 
Sminthurinus henshawi Folsom 118 
Thysanura <3> Machilidae Lepismatidae sp. 3 
—Misc. Eggs <19> spp.' 
. 15 
Isopoda <20> 
—Misc. Larva 
,^PP- ./ A 
20 
Annelida <5> 5 
Helminth <1> 
Sums of each group by class and order are shown in brackets <>.
 
Totals by family, genus or speqies are recorded in the cblumn on the far, right, '
 
<ft> Sum of the group.
 
** New species
 
*' No similar specimen of this species in museUm.
 
^ Combined totals of species listed below if accompanied with a and no number
 
sp. It was not possible to identify specimen to species level, (see text for explanation)
 
spp. More than one species was in genus but could not be separated out.
 
sp.# More than one species was identified in farnily!genus!etc. but could not be identified to species.
 
R Extension of known range.
 
Note: larvae and eggs were placed at end of order in family. Numbers of individuals were counted,
 
but identification to species was not made.
 
New Species and Range Extensions
 
One specimen in the family Trogiidae genus Psoquillidae was recognized as a
 
potentially new species (Table 2). Four other specimens from the following families:
 
Formicidae, Empididae, Phalacridae, and Phaleothfipidae (Table 2). could not be verified.
 
Trichoceridae genus Trichocera and Curculionidae genus Geodercodes had not been
 
found in this area previously. This documents the extension of their range.
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Table 3. Invertebrates caught
 
per family in a canyon live oak
 
forest on Skinner Ridge, San
 
Bernardino National Forest, CA.
 
Percent #/Fa m ily
 
50 > 10
 
30 < 30+
 
25 < 75+
 
20 < 400+
 
5 < 900+
 
Orders
 
Of the invertebrates collected, 92% were in the class Insecta. Within
 
this class, the order Collembola accounted for 79% of the total individuals
 
found, but only 9 species in 5 families were identified from a subsample of this
 
order. Coleoptera was a less abundant order composing 13% of Insecta. It had
 
a higher species diversity than any other order observed: 43 species collected
 
within 24 families. Although not as numerous (4% of the class Insecta),
 
Diptera was well represented with 16 families and 24 species (Figure 7).
 
8%
 
13%
 
4°X
 Non-Insects
 
Coleoptera
 
11 Orthoptera
73
 
Hymenoptera
 
Diptera
 
H Collembola
 
Figure 7. Percent abundance of orders include all
 
invertebrates collected in a canyon live oak forest
 
on Skinner Ridge, San Bernardino National Forest, GA.
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 Families
 
Families are organized in order of decreasing abundance in Table 4.
 
This table is a tally of all the specimens collected over time and for all sites.
 
It effectively shows that, although totals ranged from 1 to 26,379 per family,
 
79% had less than 100 individuals. Fewer than 20% of the families accounted
 
for over 95% of the total number of invertebrates collected.
 
F-tests of the data showed significant differences in abundance and
 
diversity of invertebrates captured were found among date, block, and
 
treatment. A closer look at the interactions within each of these categories
 
will be addressed in the following sections. Numbers of individuals collected
 
were not always evenly distributed throughout the collection sites.
 
Separation between total numbers and occurrence by site is also analyzed in
 
a later section for distribution and abundance patterns.
 
Sampling Dates
 
Invertebrate populations varied by collection date. The greatest
 
number of individuals and species was collected during the pre-treatment
 
stage of the survey (Table 5). More specimens were captured on the first of
 
the two pre-treatment dates than on the second. The smallest number of
 
specimens was collected during the third collection date, which included the
 
time period 1-month following completion of the prescribed burn. There was
 
a decrease in the overall number of individuals collected when compared
 
with the first 2 dates as well as the last sample dates.
 
io
 
•  • 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table 4, Family abundanGelr 
in decreasing order. Collected 5 5 Platygasteridae 8 
56 Thomisidae ■ 6on Skinner Ridge, San
 
57 Scydmaenidae 6
Bernardino National Forest, CA.
 58 Anisopodidae 6 
Family Total
 59 Ichneumonidae 6 
I;'- ^ Poduridae 26379
 60 Raphidiidae 6 
2 Carabidae 3730
 61 Diapriidae 5 
Entomobryidae 3394
 62 Chrysopidae , ■ ■ ■ 5 
4 , Eupthiracaridae* 1100
 63 Myrmeleontidae 5 
5 Linyphiidae* 985
 6 4 Byturidae , .V- 4 
6 Mycetophilidae 716
 65 Phalacridae 4 
7 Slaphylinidae 589
 66 Anthomyiidae 4 : 
8 Trombiculidae* 503
 67 Muscidae . 4 
9 Formicidae 503
 68 Sphaeroceridae 4 ■ 
10 Sminthuridae 434
 6 9 Pseudococcidae 4 
1 1 Isotomidae* 382
 70 Cynipidae 4 
12 Gryllacrididae 331
 7 1 Blattidae .4' '- ' ■ 
13 Poduroidea 290
 72 Goccinellidae 
1 4 Phalangiidae* 262
 7 3 Lampyridae 3 
15 Sciaridae 252
 7 4 Machilidae 3 
16 Leiodidae ■ 250 ' 75 Anlhribidae 
17 Lathridiidae 225
 76 Dermestidae 2 
18 Tetranychidae* ,::.vl51'.'
 7 7 Histeridae 
19 Agelenidae * 126
 ;78 Pselaphidae 2 
20 Trombidiidae* 1 12
 7 9 Drosophilidae 2 
21 Dictynidae* 84 8 0 Calliphoridae /' ■, 2 
22 Scolytidae 8 1 Pentatomidae 
20 Tenebrionidae 80
 82 Braconidae ■ ■ ■ ■ • 2 
24 Cryptophagidae 77 8 3 Rhinotermitidae 
25 Agromyzidae : 76 84 Polyzoniidae* 
26 Phoridae 76 85 Golydiidae 
27 Tipulidae 72- ■ 8 6 Gorylophidae 1 
28 Trichoceridae 71­ 87 Endomyihidae , 1 
29 Rhaphidophoridae 64 88 Mycetophagidae 1 
30 Opiloacaridae* 55 8 9 Berytidae 1 
31 Heliomyzidae 37 9 0 Gicadellidae 1 ■ 
32 Ixodidae* 36 9 1 Pteromalidae 1 
33 Empididae : ■ : ; ■ ■ ■ 33- -­ 93 Noctuidae 1 -
34 Phalepthripidae : 3 1 94 Acrididae , 1 : 
35 Chthoniidae 27­ 9 5 Gryptocercidae 1 
36 Neobisidae 26­ 96 Gryllidae 1 
37 Reduviidae : ' 25 
38 
39 
4 0 
4 1 
42 
Trogiidae 
Liposcelidae 
Ectopsocidae 
Prototrupoidea 
Pulicidae 
' - 23- -■ 
23­
23­
20 
20 
" 
*4c ■ ■ Larvae & Eggs 
1 Goieoptera laryae 
2 Diptera larvae 
3 Lepidoptera larvae 
Total 
396 
154 
9 4 
43 
4 4 
4 5 
4 6 
4 7 
\ 
Henicopidae* 
Anthocoridae 
Lygaeidae 
Cryplopidae 
Cecidomyidae 
19 
' ■ 17'': 
•F5:: ' 
X 12 
12 
' 
■ 
5 
6 
7 
6r dcr(suborder) 
: (Frenalae) 
Isopoda 
"■ Geophilamorpha 
1 
20 
8 
48 ; Curculionidae ■ - : 8 Annelida 
49 
5 0 
Aphididae 
Eiateridae . 
■ , 1 1 
9,-' 
' • 
* 
9 Helminth 
a family outside this 
1 
class; insecta. 
5 1 Nitulidae - specimen totals were divided by # 
5 2 Chironomidae of families ultimately discovered. 
53 Ptilidae ** Misc. specimehs not classified to 
5 4 Forficulidae ■ 8,„-. ■ family. 
2 1 
  
Table 5. Total invertebrates found by date, including a
 
30 family subsample found in a canyon live Oak forest
 
on Skinner Ridge, San Bernarc ino National Forest, CA.
 
Pre-Burn Post-Burn
 
Date 1983 1984 1985 1986 Total
 
Total 17457 12792 2609 9903 42761
 
Avg./Day 582 462 87 330 385
 
% of Total* 41 30 6 23 100
 
Subsample 16701 12154 1893 9407 40155
 
% of Date 73 95 94
 
*Percent of total invertebrates collected during the entire study.
 
Captures per site were ranked (Table 6). Pre-treatment collections
 
were normally distributed. The 1-month post-treatment was clustered in the
 
lower 2 ranges, while the 1-year post-treatment was between the two.
 
Table 6. Frequency of occurrence of specimens by site in a canyon
 
of Invertebrates ner Pitfall Trap
 
Date Range >1000 ^100<1000 >10<100 ^10
 
1983 5-1473 5 33(650)* 94 2
 
1984 0-1923 2 20 (750) 103 10
 
1985 0-101 0 1 (101) 84 50
 
1986 0-1877 1 28 (625) 72 34
 
^Numbers in parenthesis are the highest found for that category.
 
Invertebrate abundance changes over time showed population levels
 
declining from the 1983 to the 1985 sampling, but increasing by the 1986
 
'collection. The number of invertebrates captured at 1-year post-treatment
 
was 57% of the combined pre-treatment survey average (Figure 8).
 
Species
 
Some species disappeared from the treatment plots while others were
 
captured that had not been found during pre-treatment surveys. This was
 
generally the case with regard to the rarer species found. There was an
 
increase in overall diversity by 1-year post-treatment.
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Figure 8, Plot averages for invertebrates by date
 
in a canyon live oak forest on Skinner Ridge, San
 
Bernardino National Forest, CA,
 
An average of 33.7 different species per plot was found for averaged pre­
treatment dates which was close to the 1-month post-treatment value of 34.4
 
(Figure 9).
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•"Igure 9. Average number of species collected per
 
date by treatment in a canyon live oak forest on
 
Skinner Ridge, San Bernardino National Forest, CA.
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An average per plot of 45 species was found for the 1-year
 
post-treatment. Species distribution and frequency of occurrence varied by
 
date (Figure 10).
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Figure 10. Plot averages for species distribution
 
per site in a canyon live oak forest on Skinner
 
Ridge, San Bernardino National Forest, CA.
 
The second pre-treatment sample average for species counts per site
 
(there are a possible 166 of the different species at each of 135 separate sites
 
per date) was 113 while the 1-month post collection was 112 species. The
 
1-year post-treatment population average of 144 species nearly approached
 
that of the pre-treatment average of 155.
 
The 30 most common species were 96% of the pre-treatment and 95% of
 
the 1-year post-treatment populations (Figure 7). The rarer species were the
 
invertebrates that were not re-collected during all sampling dates. The
 
l-month post-collection date had a greater proportion of these less common
 
species than the others. This subsample was more than 21% lower for the
 
common species than the other collection dates (Table 5).
 
Histograms of 5 orders plus arachnids and analysis of the 30 most
 
abundant species showed population changes by date with slight variations
 
of 3 major patterns: 1) decrease in population size due to treatment followed
 
.2.4
 
  
by an increase during the post-treatment year, 2) increase in population size
 
from the pre-treatment level that was either temporary or continuous, and
 
3) decline in population number with little to no post-treatment recovery.
 
Experimental Block
 
Differences were found among all 3 blocks in invertebrate population
 
numbers. Species averages varied over time, but were similar per block
 
(Table 7).
 
A general pattern among blocks was observed that was consistent over
 
time. Populations decreased to their lowest point at the 1-month coilection,
 
then generally increased by the 1-year post-treatment collection. This block
 
effect is evident when comparing within and among collection dates
 
(Table 7). Initial population sizes, as well as the degree of the recovery
 
response of the overall populations varied.
 
Decreases in total numbers of invertebrates for block 1, that were
 
observed on the second pre-treatment sampling date, changed little in
 
succeeding collection dates. Block 2 displayed a population drop at the
 
Table 7. Analysis of average invertebrates captured per site by
 
block in a canyon live oak forest on Skinner Ridge, San Bernardino
 
Invertebrates Species
 
Block 1 2 3 1 2 ■ •• ■ 3 
1983 186 1 50.5 130.6 43.3 42.3 47.3
 
1984 45.2 64.2 152.7 24.7 24.0 21.3
 
1985 26.2 12.8 16.4 44.7 30.7 28.0
 
1986 263.0 50.2 103.8 34.7 48.0 53.3
 
Total 70.9 44.4 100.9 147.4 145.0 139.9
 
1-month post-treatment collection, but by the 1-year post-treatment
 
collection had returned to or surpassed pre-treatment levels. Block 3 showed
 
the greatest decrease in invertebrate population size at the 1-month
 
post-treatment date, and population levels were still below pre-treatment
 
levels 1 year later.
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 Average number of species for blocks 1, 2 and 3 were 36.9, 36.3 and
 
37.5 respectively. Species averages varied over time in a siniilar pattern for
 
all plots.
 
Treatment Types
 
Differeiices were observed in population numbers of invertebrates
 
among treatments. All treatments had population declines between the first
 
pre-treatment sampling and the 1-month post-treatment sampling dates. This
 
was followed by an increase in population numbers between the 1-month and
 
the 1-year post-treatment samplings. This trend is repeated in all treatments
 
but with some variation in amplitude. Final populations for the controls
 
exceeded initial values. Thinned treatment areas had higher initial
 
populations than did control or burn ones.
 
The 1-month post-treatment population numbers were similar in the
 
control and thin plots, but were much lower in the burned. The burn
 
treatment population remained low following treatment when compared to
 
the thin and control treatments, but showed a small increase in number at the
 
1-year post-treatment collection. The thin treatment had a consistently
 
higher species diversity over time. However, both burn and thin treatments
 
had greater numbers of species l-year post-treatment than did the control
 
group.
 
Table 8. Species averages per plot corresponded to species
 
averages found per treatment in a canyon live oak forest on
 
Species/Plot Avg. # Species/Treatment 
Date Range Average Thin Burn Control 
1983 39-51 44.3 48.0 43.0 42.0 
1984 20-26 23.3 23.7 23.3 23.0 
1985 25-55 34.4 38.7 32.0 32.7
 
1986 34-57 45.5 46.3 46.3 43.3
 
Species diversity changes per treatment were consistent for pre- and
 
post-treatment within dates and between treatments. Thinned and burned
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plots had an average of 3 more species per plot than the controls on the final
 
collection date.
 
Plot
 
Differences existed in population levels between plots, while at the
 
same time they followed similar patterns. This was evident within and
 
between both blocks and treatments (Figure 11).
 
Control plot populations in all three blocks showed a decline between
 
initial sampling and 1-month post-treatment sampling. At the 1-year
 
post-treatment, populations in block 2 and 3 had increased above that of
 
pre-treatment levels; although the control plot in block 1 was increasing at
 
1-year post-treatment, it was still less than initial pre-treatment levels. The
 
control plot in block 3 repeated the same pattern observed in block 1 and 2,
 
only with greater amplitude.
 
Thin plot populations also showed a decline in invertebrate
 
abundance between pre-treatment and l-month post-treatment levels. At
 
1-year post-treatment, populations in block 2 and 3 both had increased to
 
levels above that of pre-treatment while block 1 continued to decline.
 
All burn plots within each of the three blocks had the lowest
 
population levels immediately following the burn for that block. By l-year
 
post-treatment, population levels for the burn plots were increasing in
 
blocks 2 and 3 but appeared to be declining in block 1.
 
The number of species found per plot on a given date ranged from 20
 
to 57 different species. There was greater uniformity between plots per date
 
than within plots over time. Therefore, all responded in a similar fashion to
 
treatment. Greater differences in number of species per plot were observed
 
for post-treatment plots than for pre-treatment. The combined average for
 
both pre-treatment dates (34) was almost equal to the 1-month
 
post-treatment plot average (34.4).
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Figure 11. Invertebrate abundance for each date by block on 
Skinner Ridge, San Bernardino National Forest, CA. 
Pitfall Trap Sites 
Invertebrates captured per trap ranged from 0 to 1923 per pitfall site 
on a given date. Of the 15 sites within each plot, the ones with the greatest 
numbers of invertebrates collected were generally dominated by one or 
more families of Collembola. Invertebrates collected varied greatly among 
sites. Invertebrate numbers collected at each site had large standard 
deviations for most dates. Species diversity per site showed much less 
variation for frequency, distribution, diversity, and number (Table 9). 
Table 9. Average number of invertebrates and 
species collected per site in a canyon live oak 
forest on Skinner Ridge, San Bernardino National 
Forest, CA. 
Individuals/Site Species/Site 
Date Avg. S.D. Avg. S.D. 
1983 130.0 244.7 13.3 4.1 
1984 94.8 216.4 11.7 4.3 
1985 19.3 17.4 7.6 4.5 
1986 74.6 184.0 9.6 5.3 
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An overall composite average of 79 invertebrates captured per site for a
 
combination of all dates was not representative of site abundance. But,
 
averages per date do show that populations decreased at 1-month
 
post-treatment sampling. Average number of individuals found per site by
 
treatment showed that populations were more dense in thinned plots and more
 
sparse in burned plots when compared to controls (Table 10).
 
Table 10. Average number of invertebrates found per site by treatment
 
in a canyon live oak forest on Skinner Ridge, San Bernardino National
 
Forest, CA. 
IhdiYiduais/Treatnient Species/Treatihent 
Thin Burn Control Thin Burn Control 
Avg. 83.9 60.1 72.2 
S.D. 87.3 57.6 51.0 
1983/1984* 132.8 97.0 84.8 13.1 12.4 12.2
 
1985 24.1 28.0 39.0 8.7 6.2 7.9
 
1986 45.9 33.1 101.3 10.0 9.3 9.5
 
*Average of the two pretreatment collections
 
When the pre- and post-treatment populations were compared the
 
treatment plots had greater population declines and a smaller recovery from
 
the depressed 1-month post-treatment level than did the controls. Species
 
counts ranged from 0 to 26 collected at 1 site per date. Average species
 
number per site was 10.5 overall, and differed by date.
 
Large and diverse local populations were not generally found at the
 
same microsite during more than 1 sampling date. For each date, sites with
 
greatest species diversity (19-1- species for 1983, 1984, 1986, and 15-1- for 1985),
 
and with the greatest abundance (400-1- invertebrates for 1983, 1984, 1986, and
 
50-1- for 1985) were evaluated. Of 39 sites, 10% had both high species
 
frequency and abundance. An overall 23% of species had high values for
 
either diversity or abundance. Of the sites selected for high abundance, 9 to
 
20 species were observed per site with an overall average equal to 13 species.
 
Pre-treatment species diversity was similar between plots; average
 
per site was 12.6. Species averages per site had decreased at the 1-month
 
post-treatment collection, but was increasing at the 1-year post-treatment
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date. The number of species per site averaged over time for treatment
 
showed a decrease in species abundance 1-month post-treatment. Diversity
 
increased 1-year post-treatment, but did not reach pre-treatment levels.
 
Thinned plots had a consistently higher species diversity, burn plots a lower
 
diversity, than controls.
 
Class/Order
 
Populations of invertebrates were separated by class. A nominal
 
number of chilopods, isopods, and worms were captured but, arachnids and
 
insects were overwhelmingly the most numerous classes of invertebrates
 
collected. Arachnida population patterns were not evaluated aS thoroughly
 
as were Insecta, which was further broken down to species. This decision
 
was made in part because of the difficulties encountered in separation and
 
identification of the arachnids. However, since arachnida were collected in
 
significant numbers, I felt that they should be included. For ease of
 
comparison of population trends the class arachnida will be presented here
 
in conjunction with the insecta orders.
 
When looking at total population number by date, several patterns were
 
observed when comparing post-treatment captures with averaged
 
pre-treatment captures. Arachnida, Coleoptera and Collembola had declining
 
populations till the 1-month post-treatment collection. This was followed by a
 
recovery in population number at the 1-year post-treatment collection date.
 
Diptera had a depressed population count 1-month post-treatment that did not
 
change with the final collection 1 year later. Hymenoptera was the only order
 
that displayed an increase in population number immediately following
 
burning, but it had a subsequent crash at the 1-year post-treatment that was
 
below the original count. Orthoptera had the most stable population
 
throughout the course of the study, but did show an increase in total
 
individuals captured post-treatment when compared with pre-treatment
 
(Figure 12 A, B and C). Final population size was not always similar to
 
pre-treatment levels. In some cases, numbers remained relatively constant
 
while others changed over time, dampened by treatment (e.g. Leiodidae).
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Figure 12. Relative abundance of insect orders over
 
time in a canyon live oak forest on Skinner Ridge,
 
San Bernardino National Forest, GA.
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Family
 
Large numbers of some pf the microihvertebrate species were
 
collected on relatively few sites. This swamping effect or dominance,
 
overshadowed the impacts of the less numerous macroinvertebrate species.
 
Therefore, faniilies/speGies with species with totals of 50 or greater
 
individuals on a given date were used for further analysis. The 30 most
 
abundant families/species becanie the subsample from the total collected.
 
This subgroup accounted for 95% of the individuals found, but only 20% of
 
the species (Table 5).
 
Histograms and line graphs indicate that 5 major patterns emerged
 
from the 30 family subsample over time: 1) decreased continually
 
throughout the study, 2) initially decreased with treatment, then seemed to
 
be recovering 1-year post-treatment, 3) increased initially post-treatment,
 
then started to decline again, 4) increased continuously post-treatment, 5)
 
showed no obvious patterns.
 
A second subsampling consisting of 9 species (from 5 families) from
 
the 30 most common families were analyzed more closely for population
 
changes by treatment. These include 2 Entomobryidae, I Carabidae,
 
1 Poduridae, 3 Gryllacrididae, and 2 Leiodidae. Figures in 13 A-F show
 
population changes for each of these species. Table 4 and the graphs in
 
Figure 14 A-F show the effects of treatment on the frequency of occurrence
 
for these same species.
 
A subgroup of 3 insect families was selected from the 9 species of
 
invertebrates to use fpr detailed statistical analysis. The 3 groups chosen
 
were: 1) Entomobryidae, Tomerus flavescens Tullberg. 21 Carabidae
 
Pterdstichus sp., and 3) a combination of 3 species of camel crickets—
 
Gryllacrididae Ceu ophilus sp.. Gammarotetix sp.. and Rhaphidophoridae
 
Pristoceutophilus piaeificus Thomas (this latter group was a subfamily, but
 
has recently receh ed family status).
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*The numenc desigmtioiis 1 to 3 correspond to block location (Figure 2).
 
The letter refers to treatment c icontrolF t (thin) or b (burn).
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families found on Skinner Ridge, San Bernardino National Forest, CA„
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Microinvertebrates were an important component in the captures
 
made, therefore the microinvertebrate, Entomobryidae, Tomerus flavescens
 
Tullberg, with the greatest frequency and abundance, was used. A
 
representative ground beetle, Carabidae Pterostichus. was selected because
 
coleopterans were the most diverse order of Insecta. This species was the
 
most common beetle and is representative of a predaceous
 
macroinvertebrate found on site. The camel crickets, Ceutophilus.
 
Gammarotetix and Pristoceutophilus pacificus Thomas were less common,
 
however, together they occurred in significant abundance throughout the
 
site and sampling periods. Their combined numbers were analyzed as
 
another macroinvertebrate population.
 
Treatment effects on population fluctuations were analyzed in greater
 
depth for species from each of 3 families: Gryllacrididae, Carabidae, and
 
Entomobryidae, using log transformations (Figure 15 A, B and C).
 
The Carabidae showed some depression in population number at the
 
1-month post-treatment collection when compared to the control. By 1-year
 
post-treatment, there was no difference between treatments and controls.
 
The Entomobryidae appeared to be negatively affected by the burn treatment
 
because the population in the bum plots continued to decline up to the
 
1-year post-treatment, while the thin and control plots did not. Pterostichus
 
initially responsed positively to the thin treatment, although this response
 
seemed to have dissipated by the l-year post-treatment. The Gryllacrididae
 
population also increased in the control and thin plots at 1-month post-

treatment while continued to decline in the burn plots. At the 1-year post-

treatment collection the burn population was recovering, while the thin plot
 
populations had decreased.
 
35
 
  
 
 
 
 
 
 
 
 
Table 11. Site frequency of selected species in number of individuals
 
per species collected for each of the 15 sites in a canyon live oak
 
forest on Skinner Ridge, San Bernardino National Forest, CA. Matrix
 
Block 1 1 Block 2 Block 3 
Family Treatment* 
Genus, sp. Date C T B C T B C T B Sum 
1983 13 15 14 15 15 14 15 14 16 131 
1984 8 11 11 15 12 12 15 14 13 107 
Carabidae 1985 14 11 9 4 0 7 7 5 8 65 
Pterostichus 1986 9 2 5 11 10 8 8 13 13 79 
species C total 44 45 45 134 
T total 39 37 46 122 
B total 39 41 50 130 
1983 3 11 6 12 6 9 12 7 8 74 
1984 4 5 2 5 2 4 3 3 3 31 
Carabidae 1985 0 4 1 0 1 0 1 1 0 85 
Scaphinotus 1986 2 0 0 1 0 1 0 1 0 63 
species C total 9 18 16 43 
T total 20 9 12 41 
B total 9 14 11 34 
1983 8 5 .4 6 6 11 12 7 9 63 
1984 2 1 2 1 0 1 2 5 4 18 
1985 4 6 8 5 5 5 2 6 11 52 
Leiodidae 1986 2 1 2 4 7 7 2 5 4 34 
(a) C total 16 16 18 50 
T total 13 18 23 54 
B total 18 24 28 70 
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1983 12 12 8 5 8 7 12 3 12 79
 
1984 9 9 1 6 14 12 15 14 15 95 
Entomobryidae 1985 12 13 11 10 10 12 i 9 7 9 93 
Entomobrva 1986 9 9 1 6 14 12 15 14 9 89 
species	 C total 42 27 51
 120
 
T total 43 46 38 127
 
B total 21 43 45 109
 
1983 5 12 9 13 9 6 12 12 5 83
 
1984 7 7 3: 9 12 8 10 13 8 77
 
Entomobryidae 1985 11 7 0 6 7 3 12 12 6 64
 
Tomerus 1986 7 7 ;3,9 12 8 10 13 8 77
 
flavescenes C total 30 37 44
 111
 
T total 33 40 50 123
 
B total 15 25 27 67
 
1983 12 14 12 13 8 13 14 10 12 108
 
15
1984 1 5 1 10 9 7 14 2 64
 
Poduridae 1985 1 3 4 2 0 0 2 2 . 1 15
 
Hvpogaturura 1986 5 1 1 10 9 7 15 14 2 64
 
pratorum	 C total 19 35 46 100
 
T total 23 26 40 89
 
B total 18 27 17 62
 
1983 5 4 5 4 6 2 11 2 4 43 
1984 3 1 4 4 5 8 6 3 7 41 
1985 4 1 2 ■ 2 4 1 3 2. 1 20 
Gryllacrididae 1986 1 1 4 6 8 5 6 3 7 43 
(a) C total 13 16 26 55 
T total 7 : 23 10 40 
B total 15 1 16 19 50 
(a) 	Because of difficulties with specific identification, all specimens collected
 
in this family were treated as one family.
 
* Treatments 	are abbreviated as follows: C^control, T=thin, B=burn.
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Figure 15 A-C. Log transformations show treatment
 
effects of data for 3 families collected at Skinner
 
Ridge, San Bernardino National Forest, CA.
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 Repeatei measure ;,F-test analysis^ between subject effects showed
 
significant differences for the 3 populiations (Table 12).
 
Table 12. Percent significance* for 3 species found on
 
Species ■ Block Treatment j Plot 
Carabidae 100 83 1 95 
Gryllacrididae , 11 88 i 75 
Entomobryidae 99 ■ 25 1 99 
*95% level of confidence 
Significaiit differences were found among blocks, plots and treatments for
 
Carabidae, but date had an insignificant effect. Gryllacrididae numbers
 
seemed to be affected by treatment and plot but not by block. The
 
Entomobryidae were more sensitive to location in the blocks or plots than
 
they were to treatment.
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DISCUSSION
 
This preliminary study is the first major effort made to identify and
 
document epigeal invertebrate community dynamics in a canyon live oak
 
forest for use in monitoring the effects of silvicultural management
 
practices. In the process, a new species was discovered and range extensions
 
have been docuinented for others. No other studies of this type have been
 
conducted on any other local oak species. Therefore, this study will provide
 
guidelines for future studies. Because burning and thinning are common
 
and sometimes controversial silvicultural management tools, this should be a
 
useful beginning for developing studies of this type in any forest area.
 
Weather
 
Collections were taken during winter months to minimize seasonal
 
shifts by species. Although many invertebrates found in canyon live oak
 
forests are not active during the winter, the species collected were
 
representive of the indigenous populations.
 
Temperature differences observed between years could have affected
 
invertebrate population numbers. However, many species have lifecycles
 
driven by photoperiod, thus reducing unusual wCather impacts on their
 
occurrence. In spite of the onset of a severe drought, numbers reflected
 
patterns in treatment effects on populations on the final collection date.
 
Habitat
 
The 2 silvicultural treatments employed in this study created new
 
habitats by increasing slash after thinning or decreasing slash by
 
understory burning. These changed microsites differentially affect the
 
various invertebrate Species; interpretation of the Changes in population
 
abundance is more complex than it initially appears. For example, large
 
scavenger beetles that rely on detritus and woody debris for cover and
 
forage would find more suitable habitat in the heavier slash of thinned plots,
 
and thus may be collected at a low rate (even if their population was large).
 
On burned sites where debris is scarce and wood from pitfall covers may be
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an attractant, a small population may have proportionally greater catches
 
due to an increase in distances between optimum resources when compared
 
to thin or control. In similar ways, species behavior or activities can
 
differentially influence the number of individuals collected.
 
Methodology
 
Each invertebrate trapping technique is selective for a particular
 
assemblage of species. Pitfall traps mainly collect mobile ground dwelling
 
species. Specific responses of the invertebrates captured to this technique
 
have not been researched e.g., the wood cover, ethylene glycol, alcohol and
 
water can act as an attractant for some species or as a repellent for others.
 
Therefore, specimens collected during this study may not describe the
 
abundance or diversity of the entire epigeal invertebrate community in this
 
canyon live oak forest, only a subset of the overall population.
 
Pitfall trapping involved repetitive sacrificial captures on a microsite
 
scale. In this study, invertebrates were removed from 135 sites over a 1 year
 
period of time. This could have affected the remaining populations;
 
community structure and dynamics may have been altered. In spite of the
 
drawbacks of the methodology, I believe that a valid subsampling was
 
obtained and proved useful for drawing conclusions about the population
 
dynamics observed. However, the conclusions drawn from this study are
 
more suggestive of trends than absolutes.
 
Invertebrate Ecology
 
The soil invertebrate microcommunity is diverse and complex.
 
Information on taxonomy, biology and ecology is presently lacking for
 
many families and species Although comprehensive soil biota guides have
 
been compiled, much that is currently published is limited, incomplete, or
 
rapidly changing (Dindal 1990). Definitive conclusions based on any one
 
species without first developing a greater understanding of that species
 
habits are beyond the scope of this study.
 
Review of the population dynamics of individual species showed that
 
each population responded differently. Interpretation of the data must
 
reflect on the specific or unique qualities of each species and include
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behavior, morphology and physiology and its niche. In spite of the many
 
inherent difficulties in population sampling, trends observed in the species
 
analyzed indicate that the canyon live oak forest epigeal invertebrate fauna
 
is returning to pre-treatment levels (Table 5 and 11).
 
Population Trends
 
Invertebrate species diversity at the Skinner Ridge study site was
 
greater during the pre-treatment sampling dates than during the
 
post-treatment sampling. This conclusion is based on the evenness of the
 
populations found over the different plots. Even though 3 of the
 
post-treatment plots had the greatest number of different species captured
 
(Table 10), their variance with regard to the average number of species for
 
that treatment or date was much greater. Other pre-treatment plots had the
 
smallest numbers.
 
Of the species identified during this study, the subset of the 30 most
 
abundant species (Table 3) appear to have responded "in total" to treatmeiit
 
and environmental changes. This assemblage consists of more than one
 
trophic level; herbivorous, omnivorous, and predaceous species are
 
represented. Using an assemblage such as this proved to be an effective
 
method for monitoring resiliency and response at this location.
 
Evaluations of the macroinvertebrates show that the Gryllacrididae
 
populations increased post-treatment. When compared to the control plots, it
 
was discovered that treatment had a positive impact on the Gryllacrididae
 
population (Table 11). These results may be due to an increase in individuals
 
captured, not a corresponding increase in population number. For this
 
family a change in the distance traveled between natural forage and shelter,
 
of attraction to the trap, could encourage differential trapping without a
 
significant population change.
 
Dispersal capabilities are influenced by size, anatomy, and behavior.
 
For example, microinvertebrate species such as Collembola are generally less
 
mobile and less able to disperse or uniformly repopulate across sizeable areas
 
than the larger species of Coleoptera. This point is important to explore
 
because some microinvertebrate populations increased in number of
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individuals, but not in distribution of individuals throughout the study area.
 
Due to dispersal limitations, Collembola may be impacted more negatively by
 
destructive sampling than some of the macroinvertebrates. However, when
 
Collembola specimens were initially present at a site, repopulation did occur.
 
Carabidae Pterostichus species had consistently high numbers of
 
individuals throughout the study. Some treatment effect was observed (Table
 
10 and Figure 13b) as shown by the slight depression in numbers below the
 
control in 1985. There was also a slight difference between thin and burn
 
treatments. The increase in downed vegetation in the thinned plots may
 
have caused a decrease in captures due to changes in resources for this
 
insect. It either does not prefer an abundant amount of slash or it was less
 
attracted to the pitfalls due to swamping by the abundant slash. In either
 
case a definite change from the control was observed in both treatments.
 
Interestingly enough, the 1-year post-treatment populations seemed to have
 
stabilized, and although there were some differences between blocks,
 
cumulatively they were very similar to the control.
 
Little change was noticed in general for species composition from 1
 
year to the next with regard to treatment. There was a slight increase in the
 
number of bark beetles that did enter the burned and thinned plots. The
 
distribution and abundance of these beetles were erratic and population
 
levels were too low to draw any final conclusions, but apparently, the
 
downed and dying slash, and injured trees were being attacked by an
 
increasing number of beetles.
 
Recommendations
 
For future studies, I would recommend that smaller pitfall traps be
 
used for a shorter period of time, about 1 week per month or season, for each
 
sampling. This would reduce problems encountered with time intensive
 
separation of detritus and large numbers of invertebrates as well as
 
minimize the impact on remaining populations. Also, subsampling should be
 
maintained over a greater span of time, 1 to 2 years prior to and 3 to 5 years
 
following treatment. This would document a greater number of species,
 
track population levels more precisely, and facilitate sorting of "background
 
noise" from environmental influences.
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The 30 most abundant families constituted 20% Of the species found but
 
95% of the specimens collected (Figure 7). Analysis of invertebrate
 
populations in other habitats may show that the most abundant 20% of
 
species in a location may result in similar community trends.
 
Sampling year roimd may show more striking treatment effects.
 
Longer term studies tracking the predominant species for several years
 
would give greater insight into their importance and dominance in this
 
ecosystem. Interpretation of canyon live oak long-term recovery could be
 
made if the most dominant species of insects were tracked over time and
 
compared to stand health.
 
Longer term surveys need to be conducted in order to determine the
 
actual time for complete community recovery.
 
A comparison of invertebrate population changes through time with
 
the vegetative recovery data is an essential 'next step'. This is important to
 
test if final conclusions are to be drawn about ties of the insect population
 
dynamics to silvicultural dynamics.
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SUMMARY
 
A high degree of natural variability was observed within and among
 
invertebrate populations throughout the study area. The differences found
 
among the 9 plots in the first 2 pre-treatment collections illustrates this
 
point (Table 12). Pretreatment baseline data and control plots allowed
 
comparisons to be made about post-treatment effects to invertebrate
 
numbers. Replication sampling using a randomized block design was also
 
instrumental when determining invertebrate post-treatment response.
 
Invertebrate population differences found among blocks and plots during
 
pre-treatment collections probably reflect microsite variability such as
 
minor differences in aspect, topography, and soil composition. 
Post-treatment population levels were much higher for the 1-year 
than 1-month collections. Although there were some differences within 
treatments, there was an overall trend toward population recovery to 
pre-treatment levels. Some plots appeared to lag behind others (Figure 11).
 
This may have been caused by microsite conditions on the ridge that were
 
not uniform throughout.
 
Population depression of the majority of species captured at the third
 
sampling date corresponds to 1-month post-treatment timing (Table 6 and
 
Figure 8). Control plots also incurred a similar abrupt drop in number of
 
species and individuals. This indicated that some outside factor influenced
 
invertebrate populations.
 
When weather data are superimposed upon the population cycle of
 
the species analyzed, it becomes apparent that precipitation and temperature
 
can be correlated with much of the dramatic crash in invertebrate numbers.
 
Cold temperatures and drought confounded interpretation of invertebrate
 
population results. This severe weather corresponded to the population
 
crash 1-month post-treatment. Extremely low density populations across
 
treatments and controls show more relevancy to population resiliency with
 
regard to treatment, than if the crash had not occurred. These conclusions
 
are based upon initial resurgence of post-treatment residual populations and
 
suitability of the disturbed environment, not to treatment or migration, from
 
adjacent populations.
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Results from this study indicate that invertebrate populations were
 
clearly affected by the thin and burn treatments when compared to the
 
control plots. Species composition of invertebrate communities remained
 
consistent throughout the study with regard to species diversity.
 
Invertebrate abundance cycled from a maximum on the first collection date
 
to a minimum at 1-month post-treatment. It recovered to approximately two-

thirds of the original population numbers by 1-year post-treatment.
 
This research provides a new baseline which can be used for future
 
analysis of canyon live oak and other forests. It gives some insight into
 
community dynamics at a systems level for this oak type. The recovery of
 
the invertebrate populations seen during this study indicate that the
 
silvicultural treatments applied at Skinner Ridge were environmentally
 
appropriate, and caused only short term disruption of the site.
 
Based on the epigeal invertebrate populations analyzed in this study,
 
understory burning in canyon live oak appears to be an appropriate
 
management tool. Recovery of invertebrate populations to 57% of pre­
treatment levels one year after treatment indicates that disturbance by fire
 
(at least on small scale treatments such as prescribed on Skinner Ridge) is
 
both temporary and minimal with regard to re-establishment of
 
invertebrates in this ecosystem.
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APPENDIX A. Taxonomists consulted for specimen identification
 
The following individuals and institutions were responsible for
 
assisting in the identification of the invertebrate specimens collected.
 
ARACHNIDA
 
-Darrell Ubick. Dept. of Entomology, CA Acad. of Sci., San Francisco, CA
 
CHILOFODA(CENTIPEDES)
 
-Rowland M. Shelley. North Carolina State Museum of Nat. Sci., Raleigh, N.C.
 
COLLEMBOLA
 
-Peter F. Bellinger. Dept. of Biology, CSU Northridge, Northridge, CA
 
PSEUDOSCORPIONS
 
-William B. Muchmore. Dept. of Biology, Univ. of Rochester, Rochester, N.Y.
 
COLEOPTERA
 
-Fred Andrews, Terry Seeno and I. Savage. CDFA. Sacramento, CA
 
-Dave Hawkes. Dept of Entomology, UC Riverside, Riverside, CA
 
DIPTERA
 
-G.W. Byers, University of Kansas, Lawrence, Kansas
 
-Eric Fisher and Karen Corwin. CDFA, SacramentOs CA
 
-F.C. Thompson, R.J. Gagne, and A.L. Norrbom. Sys. Ent. Lab, Plant Sci. Inst.,
 
USDA, Beltsville, MD
 
HEMIPTERA
 
-A. R. Hardy. CA Dept. of Food and Agriculture, Sacramento, CA
 
HOMOPTERA
 
-John Sorensen. CA Dept. of Food and Agriculture, Sacramento, CA
 
HYMENOPTERA
 
-Marius Wasbauer. CA Dept. of Food and Agriculture, Sacramento, CA
 
-Dave Hawkes. Ent. Dept., UC Riverside, Riverside, CA
 
NEUROPTERA
 
-O. S. Flint. Smithsonian Institute, Washington D.C.
 
ORTHOPTERA
 
-Arthur Appel. Auburn Univsity, Auburn, Alabama
 
-D. A. Nickle. Sys. Ent. Lab, Plant Sci. Inst., USDA Beltsville, MD
 
PSOCOPTERA
 
-Edward L. Mockford. Dept. of Bio. ScL, LS.U., Normal-Bloomington, IL
 
THYSANOPTERA
 
-Tok Kono. CA Dept. of Food and Agriculture, Sacramento, CA
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 NEUROPTERA/ORTHOPTERA/SIPHONAPTERA
 
-Ron Sunimarby, GDFF, Dept. of Ag; Lab Ser., 1220 N. St. Rm. 340 Sacratnentb,
 
CA
 
Instrumental for initial contacts for specimen identifieation:
 
-Saul Frommer. Entomology Dept. UC Riverside, Riverside, CA
 
APPENDIX B. Referehces consulted for specimen identification
 
Horror, D.J., DeLbng, D.M., and Triplehom, C.A. 1976. An Introduction to the
 
Studv of Insects. 4th ed.. Holt. Rinehart and Winston. N.Y.
 
Borror, D.J. and White, R.E. 1970. A Field Guide to the Insects of America North
 
of Mexico. Houghton Mifflin Co. Boston, MA.
 
Chapman, R.F. 1971. The Insects Structure and Function. Amer. Elsevier Pub.
 
■ •■•VCo., Inc. . N.Yvy:\' ; 
FumiSs, R.L., and Carolin, V.M. 1977. Western Forest Insects. Misc. Pub. No. 
1339. U.S.D.A.-F.S U.S. Gov't Printing Office, Washington D.C. 
Jaques,H.E.l 1947. How to Know the Insects. Win. C. Brown Co. Pub. Dubuque, 
: lA 
Jaques, H.E.2 1951. The Beetles. Wm. C. Brown Co. Publishers. Dubuque.lA 
Levi, H.W. and Levi, L.R. 1968. Spiders and Their Kin. Western Pub. Co.. WI. 
Milne, L. and Milne, M. 1980. Audubon Socielv Field Guide to North American 
Insects and Spiders. Alfred A. Knopf. Inc.. N.Y. 
Powell. J.A.. and Hogue. C.L.. 1979. California Insects. Univ. of CA Press.
 
Berkeley, CA.
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